We investigate nonperturbative dilatonic solutions of the wide class of the modified gravity models including the Gauss-Bonnet terms with a general F (G) Lagrangian.
evolution, and time is similar to a space coordinate, unless for its signature. Recent investigations on this issue appeared in [16] , and there one can also find the Liouville-like behavior which will appear in the present study. The string-inspired investigations done in [16] and in references therein further stimulates the present study, bridging its contents to cosmology and the up to now misterious dark energy fuel.
The interest to modified gravity models naturally stimulates the search the interest for the exact solutions in these models. In our papers [6, 7] we have shown that the Liouville-like solutions, being the simplest examples of the exact solutions and, in certain cases, corresponding to the anti-de-Sitter space, are the typical one for the F (R) gravity models. Therefore, the very natural question is whether such solutions are possible in the more general modified gravity models, that is, in different versions of the Gauss-Bonnet-like models for the gravity in arbitrary space-time dimensions. We note that this interest is further supported by the fact that the time-dependent Liouville-like solutions were shown to arise also in the cosmological context [16] .
First of all, let us again, just as in [6] , restrict ourselves to the simplest conformally flat space [19] , with the dynamics is now concentrated in the conformal sector of the gravity, and the metric tensor g µν (x) is given by
with σ(x) standing for the conformal factor, the dilaton field. We use metric (+, −, . . . , −) and work with dimensionless fields and coordinates, for simplicity. In this case, one can find that the Christoffel symbols look like
The Riemann curvature tensor is equal to
and this implies that the Ricci tensor in D-dimensional space-time is
Thus, the scalar curvature has the form
The useful contractions are also
and
The generic invariant action, which looks like
in the dilatonic sector takes the following form
The important case of this generic action is the Gauss-Bonnet action depending on the GaussBonnet invariant of the form
with the explicit expression for it having the form
In particular, in four dimensions, the Gauss-Bonnet action is a surface term:
In two and three dimensions, the Gauss-Bonnet invariant is an identical zero.
In this paper, we will concentrate on the domain wall case. To do this, we suggest that the dilaton σ depends only on one spacial coordinate, say z. So, ( σ)
First of all, we can show that the Liouville-like kink solutions are characteristic ones for a wide class of dilaton gravity models, with we suggest the restriction up to the domain wall dynamics. Indeed, in this case the scalar curvature is given by,
and the two other scalars look like
Let us consider the generic action (8) . This action, in the dilatonic sector, by use of the expressions above, can be expressed as
where α i , β i , γ i , A, B, C are some constants whose exact form is not important.
We can obtain the equations of motion for this theory. We note that inside each parentheses, the number of derivatives in each term is equal to 4, thus, the number of derivatives in any term in the equations of motion proportional to A is 4a, to B is 4b, to C is 4c. Thus, we find the equations of motion in the form
where a k 1 k 2 k 3 , b n 1 n 2 n 3 , c m 1 m 2 m 3 are some numerical coefficients. Then, we introduce the known Liouville-like ansatz
which implies in
Substituting these ansatzes, we see that in the term proportional to A, the field dependent multiplier factorizes giving the factor e
)σ , whereas in the terms proportional to B and C we get, respectively, e
)σ and e
)σ . As a result, the equation of motion is reduced to the algebraic one
The different solutions of this algebraic equation for the coefficients can be found. The consistent cases are a = b = c, or l = . Also the consistent cases are when any two of the three coefficients A, B, C are equal to zero, or one of them is equal to zero whereas the two others carry the same exponential factors, e.g., A = 0 and b = c.
The case l = 1/2 is of special importance. Indeed, in four dimensions the scalar curvature (13) for this case looks like
which is a negative constant. Thus, in four dimensions the case l = 1/2 corresponds to anti-de Sitter space, with the coefficients of (20) are now related. We can also focus on another model. Let us find and solve the equations of motion for the model with a bit different structure, that is, with the action initially introduced in [13] (see also [12, 20] for study of some aspects of this theory):
Here we restrict ourselves by four dimensions. For simplicity, let us first, just as in [6] , consider the domain wall case. Thus, we get
As a first attempt, we study the action
Here the sign ≃ denotes that we restrict the coordinate dependence to the domain wall case.
The corresponding equations of motion look like
The most natural ansatz is (18) implying in (19) and in
Its substitution yields
We have some distinct possibilities: first, we can choose b = 0, which yields l = −1/2, leading to usual gravitation; second, we can choose a = 0, which yields N = l(14l−3) (7l−2)(6l−2)
; and third, we can choose l = 1/2 with a, b = 0, so the exponential factor goes to 1, that is, we reproduce the adS solution, and we have the quintic algebraic equation, 3bN
4 (3N − 4) = 2a, which allows to find N once a and b are given. Our next step is the model of the form (see f.e. [12] ):
which generalizes the model (22). In the domain wall case, it can be presented as 
The caseã = 0 we will consider in details further, the caseb = 0 can be read off from [6] , so we are interested only in the case when bothã andb differ from zero. To solve this equation, we carry out the substitution used in (18, 25) . Also, we introduce the notations
Thus we get:
It is easy to see, that if n = 2m, any l is possible. Otherwise, there exists an adS solution l = 1 2 , for which any m and n are possible. Other parameters can be found by solving the algebraic equations.
The natural continuation is a possible domain wall solution for the pure Gauss-Bonnet action in an arbitrary space-time dimension. In the domain wall case, the Gauss-Bonnet term is reduced to
Let us now consider the case D > 4 (which is important from the extra dimensions viewpoint), and study the model with the action
where we have omitted the irrelevant overall factor. The equations of motion look like
Again, we carry out the substitution given by (18, 25) . After introducing the notations (30), we find that this substitution gives the following condition: either T = 0, or
From here, we can relate C and l, thus, we again have the Liouville-like kink solutions. Also, we can study the model with the action
whose explicit form in the domain wall case is
For D > 4 the corresponding equation of motion are
Implementing again the Liouville-like ansatz (18) we get the following form of this equation:
The possible solutions are: first, α = 0 (that lead us to usual Einstein-Hilbert gravity), and second, the case l = 1/2, whose solution is
with
Thus, we again have found the Liouville-like solutions. In summary, in this work we have studied a very wide class of the gravity models whose action depends not only on scalar curvature but also on the Gauss-Bonnet invariant and on other invariants constructed on the base of the Riemann curvature tensor, being considered both in four-dimensional space-time and in higher dimensions. As we have shown, all the models admit Liouville-like static kink solutions. Therefore, we can conclude that the presence of such solutions is common for different gravity models. Moreover, we succeeded to show that all these models in four-dimensional space-time allow the adS solution, and this seems to indicate that the systems admit supersymmetric extensions.
We have considered solutions of the gravitational field equations which depend on a single spacial coordinate. It is natural to expect that in cosmology, where the metrics (and therefore the dilaton) depends only on time, would display similar behavior implying in the appearance of Liouville-like solutions. Within this context, we notice that the time-dependent Liouvillelike solutions were shown to arise in the gravity context earlier, for instance, in [16] , a fact that extends the interest of this work to the cosmological scenario.
A very natural continuation of the present study could be the coupling of the dilaton to extra scalar matter fields. Such an extension could be applied to study more realistic scenarios, for example, in the braneworld and in the brane/cosmology contexts, giving thus a natural generalization of [7] .
